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CHARACTERISTICS OF A HIGH-ASF!ECT-R.W1OWING

IN THE LMIGLE.Y8-FOOT HIGH-S?EZD TUNNEL -

By Richard T. ~tiitCOmb

ISmM?RY

An untwisted wing, which when unswept has em NACA 65-210 section,
en aspect ratio of 9.0 ~d a taper ratio of 2.~:1.0, has been tested
with no sweep, and ~0° end 45°,of sweepback and sweeyforw=d in
conjunction with a ty2ical fuselage at Mach numbe~-sfrcm 0.63 to
0.96 at angles of attack generally %etween -2° and 10° in the
Langley 8-foot high-s~=ed tunnel. Sweep was obtained by rotating
the wing semispans about a point in the plsae of ~?zmetry. The
nc?mml-force, pitching-moment, profile-dreg, ant!loading characteristics
for the wings have been obtained fi-ompressure measurements end wake
surveys. The results indicate that the wirqs with &OO of sweep
experienced the severe changes in characte~’isticsassociated with
the presence of shock & higher Mach ~l)eigs then did the wing
without sweep. The differences between the Mach numbers at which
the changes occurred for the wings with *~0° swee~” end no sweey

were genera &sli@ly less than the factw- * tAmes the
r

Mach numbers at which the changes occ~~i+edfor the unswept wing,
Ar beiryjthe sweep angle. The wings with ~45° of sweep did not
experience the changes in the characteristics associated with the
presence of shock at an angle of attack of 20 at .Machnumbers up to
the highest test value. The magnitudes of chaqes in the normal-
force end pitching-moment coefficients that occurred were less for
the wing with 30° of sweep than for the unswept wing. The use of
sweepfo~ward was superior to sweeyback in delay- and reducing
the chenges in the no--force coefficients} hut was im”erior in
delaying and reducing the changes .Inthe profile-ti~ coefficients.
Increasing the Mach ru.mberto the highest test values had little
effect on the positions of the center of loads on the various
configurations for the ~oba%le design load conditions.

INTRODUCTION

The results of investigations made in this country and in
Germany (references 1 and 2) have shown that the use of sweepback

--
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or sweepforward deleys the onset of the radicel char@es in
aerodynamic charecteri~tice associated @_th the ~osence of shock
on the wing,,.More recent i~ve~tigaticnsn@ie ~ both coyptries
have added comsidera%le info~fiationon the chaxacteri,stic’sof

....

wings with sweap at supersonic as well as subso@.c M&ch nuubers
(reference 3) but little data Ss avai.lald.efor the”transonic
speed range. T?Ie,&@taaye..ilablqjtherefore~ em insufficient fcm
theyroper design otedrcra,fttith swb~t wings.

The NACA 65-21o wi~?nodel previo~ tested in the L~ey 8-foot
high-speed tunnel (reference 4) has been tested in con~unction with
a typicel fuselage with no sweep and ~0° and 45° of sweephack and
sweepfmward of the quarter-chor”dUne and several aileron deflections
at Mach numbers frcm O& t~ 0.96 at angles of attack generally between
-2° snd 10° tc provide i+~ormation on the following factors:

(1)~.The effects of &eep on aercjdynmni~characteristics of this
pSrti@sr wing in the Mach m.mibtirrem&e for which general Information
on the effects of”sweey on aerodynamic ch~actertstics is now
available. .“.... ,.

(2) The @SnereL effects of sweep on ~erodynszniccharacteristics
in the ’lowerpert of thetra,r@onic speed r“~e for which little data
ere available.‘! ,,.

.,

(3)” The ‘ei~ectsof compressibilityon the d.i,~tribuhionsof
aerodyhemio loads”on wept wings at-sulmonic Mach numbers.

., . . ....
(k} Th4 chcnges in the &&&ic characteristics of a fuselage

in the.~esqnce Qf Wept wiqgs @ subsonic I@ch ~Ud)er5?, . .

.
‘~ilJITIO!R ‘-,, ,. ,.!.. .J

The sy?ibols”’&e”&fi~d as follmti: , “’
,,

b’
., .,Spmof”’niodfjl

c“ sect~on,chord of tihg, pmil.lel;”toair str&mi ‘“,. .. ..

CA &ection ch~d parpendic~~ ‘to’”qum+e~-ch&d li,neof “urkw6pt
W@ ““’

. . .. .,.,
:. .:, ... .

cc chord of sect~on perpeticulai to the qu~er-chord line of
the unswept wing pass- through .thecritical points the
intereectfon with the surfacoof the fusoU@ of bhe 70-
or 20-percent-chordlines of the unswept wing for sweptlmck
or sweptforwardwingslrespectivel,y. (ose fig; 3)

b-

-.

—
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configuration assming wing rectanggikr through fuselsge

distence from plane of symnetry along horizontd axis> inches

tistance frcm center line slow vertic4 UiS~ inches

verticsl Ust eace from t~’ailhg edge of wing-fuselage-juncture
chordj inches

geometric s@Le of attack, degrees

mass density in undisturbed strea> slugs per cubic foot

sweep en@e between line perpendicular to the plsne of symnetry
and leting edge of wing, degrees (~sitt~e ~~u~s for
meepback> negative values for swee~fozward)

sweey engle between Uine perpendicular to tha plane of. .
symmetry and the quarter-chord line of the unswept wlng~
the prinoipel reference line~ de~eee

The coefficients azzedefined as folluws:

ting sectidn normel-force coefficient (section perpendicular
to qusrter-chord line of tho unswept wing)

w5ng section twisting-mcment coefficient about quarter-chord
line of the urwwe~t winG (section perpendicular to this line)

wing normel-force coefficient

-—

t
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wing Titch@-m&ent coefficient about quarter-chord
station of mean aerodynamic.chord of wing

Cq

%f

fueelage sectlonnomal-force cccd?fi.cient(secti.onp~al.lel
with air streem)

*“

—

—

fusel~e f3ection~itchi.ngnmment coefficient about
quarter chcrd station of wi~ section at fuselsge
surface

cNa over-all normal-i’ol+ecoeffiAmt

cw/4a
over-all pitchm~.moment coefficient

station of mean aero@nemic chord

.—
—

.

.

ehout q~tei--chrmd
of over-all configumtim ___

4

Ct$w
~t/4a = —

u
c: s“~’/4 +z~= C!Nw Sa Cfa w
se. .

CNC normel-force coefficient for wi~ outboard
critical ~OiiIt

.

—
—

section through

.*.

—
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%= lending-moment coefficient for section through criticsl
point

st/d laterel position of center of load with reference to the
section througlhcritical yoint . .

/
8x/d.= ~Bc %c

,,

~/

twisting-moment coefficient about quarter chord of the
unswqt ting for wi~ oufilosrdof critlcsl section
_base&on chord of section through criticsl point

xl/cc chordwise position of center of load with reference to
the quarter-chord line of the unswept wing

meen section twisting-manent coefficient

Ck) section profile-dreg coefficient.frcmwake survey
measurener.ts
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APP.KRM’US
●

Th6 Langley 8-i’oothigh-speed tunnel, in which the tosta woro
conducted,i~ of the single-return, closed-,thrdattype.

The wi~model tedmd aa it appmredchzring previcus twts is
shown irlfiglnxm 1 and ‘2. For the unswept ccmdition with no fuselege,
it has on NACA 65+i!I0airfoil section, az”aspect zatio of 9.0, .5te~or
mztio of 2.5:1.0$ no twist or dihdrall and a LW-~WCGd-ChOrd aikron
that etiends frcm the 60-percent-~mispan stationto the end of the
straight part of the trailing edge. The ordinatosof the tip and tho
NACA 65-zILOsection of the”unswept wing are promnted in refercmco k.
~hcr dimensions of tileu?Ewvpt wing are prGso&,cd in tahb ~, ~rlty
Axdxl.c-pressum orifices were placed at each of cighb staticms elong
the wing span in lines &orpe@iculer to t~o quarter-chordline of the
Unswept wing. Z& apy.loximatechordwj.selocations of the orifices em
given intiofermco 4whilo the spenwisc locations of the stations aro
preaonted in table 11. The four inboard stationE were placed on the
loft half of th~ wing and tho four outboard &tati’ofiwore @aced on
the right half. —

Tho model was supyn-ted in the tunnel by moans of the vorticol
steel plwlm shown in figures 1 and 2. The yl~to> which is ccmqiktdy
doscribGd in rcd’erencekj has a chord of ‘jO inches, athicknese’of
0.75 inch>”snd”amcdified ell.ipsbprofile.

SW@ conf@nztions w~lmeobta,in.ed.i)yrotati~ the model with
rcm’pectto the support ylato about the main fa~toning Screwj which is
loccted at the midspan OT the gmdel and Q.k-~ont-chord length frc$ntho
lmdi~ ed@ of the root chord. Wall prmmrq mmsw.rement~ indicate
that the flow over tho model on onc side of tho platm had very littlo
effect on the flow on the other sido oven ,at.thehighest test Mach num-
bers. A @ven tmt ccnfigurc.tim ropresentsl thetieftie,not a yawed
model hut hckf of a swept-back model qnd helf of s,SW@-hrWard aodol.
Since the thickness of the boundary layer on the plate was smallj the
support had ne@igiblo effect on the data .obtoin~d.

Revieed tips wore tided for eaoh swee~. The shayes of the revised
tipe wero similar to that of tho unswept wing, the ma~or axes of the
tips were parallel to the ~tream dirocttonj tho minor axes wero aloug
tho 40-pmccmt-ckord lineEj and.the widths WGi’o 0,k:7 inch (em f~g. 3).
The dimensions cf tho model with 30° and 47° of swocplwk and swcMp-
forward of the quarter-chord line ae prosontod in tablo I end figure 3.
The d~msi.ons are based on the assumption.tihatthe uurfaco of the
plate at tho root is the plane of flymmotry. Tho locations of the
pressure orifice stations with reference to th dntorsection of the
quortor-chord line of the origi~d wing a@ the centcm line for the
Swept configurations am Prosentod In tab).o~1.

.-

i-

—
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The effect of the addition of a fuselage to ELccmplete wing
was simulated by the addition of two helf bodies of revolution to
the test configurateion at the surfaces of the support plate. The
dimensions of the helf bodies of revolution, the center Ifnes of
which coincided with the chord plene of the”wing,-sre sh~ in
figure ~. The chordwi~e positions of tinefuselage with respect
to the wing for the various sweep engles aie presented in table 1.
Twenty-eight pressure orifices were placed in one of the haves in
two planes at 45° to the plane of s-try t?rroughthe center line
as shown In figure 3.

Wske wrveys were made behind the wing l?ymeans of tiler*e
described in reference b and showm in figure 2.

METEOIE Arm mocxDuREs

Tests

Pressure neamareznentswere made at the eight stations on the
wing and on the fuselage at the Mach numbers md sngges of attaok
listed in table IV. u “@ess~*e measurementB were wmde with
the revised ti~s described in the eoctlon on Apps.ratuS. Since
the pressure stations sre on both si&s of the w5.ngmodel, pressure
data for a given sweep were necessarily obtained dting tests of
two conttigurations.Woke-survey meammmnents wero made at tha
stations listet?..in table III at the Mach nmibers and @es of
attack listed in table IV. Wske-swvey moasmments were made
with and without the revised tips for sweep an@cs of 30° and 45°
at the three Erhationsnearest the tip. All other wske sw’veys
were made with the revised tips.

. .

Carrectio~~ for Tunne140U. Interference

The expressions available for the calculation of the effects
of’tunnel-wall interference m-e inadeque,te fcm the aocurate
deteimdnatim of those effects for swept wings at high subs~c
Mach numbers. No corrections for these effects have been applied,
therefore, to the results of the present tests of swept wings. TO
make the data presente~ consistent, no corrections have been applied
to the data obtatned for the ~ept condition. Estimattons of the
order of magnitude of the effects of tmnel -wall Lmterferences, using
the expressions presented in reference 4, indicate that the corrections
to be applied to dyn.mdc presewes and Mach nunbers for sll conditions
except that of no sweep at a Mach number of 0.927 are lesti,and in
most cases much less, thaa 1 percent. The corrections to be agplied
to the results obtained for no ~eep at a.Mach number of O.%?5may
be as large as 3 percent.
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Limiting Test Mach Numbers ~ ..
w

The tunnel choked at Mach n~bers of a~j~*oti@t~lY 009)L5,T~i975J

and 0,985 forkweep an@cjsof 0°, 30°, snd:kso$rmpecti~.ely,
data obt~ned when the..tunnelis choked ewe not a~pllcable to the
prediction of wing characteristics for Rre@ a~x (’reference6) end

“w

therefore they.are not presented.. .,.
.-,.

Sts.ti.cpresBur’emeasurements made on the tunnel well indicate
that there are yerceptfble tendencies towmrd choke at the.pl.ene
of the model at a Mach zumber of 0.92~ and.0.960 for unswept end
swept ~~@i$ioWjre~pective~. The resul.t.sobt-d ~t these
Mach nuubers, even if cc.mpletel.ycorrected.for the usuel effects of
tunnel-wall interference,~ not, therefare; indtcate the exact
flight charactezzistics.The geaersl.trendsf however, are believed
to be U.lustrated by the re~tits.o%tained.it these Mach nmibers.

With the support strut for the walse-~eyroke i.nplace (fig. 2)
the tunnel choked at this strut wlienthe uncormctedliach number
et the plane of.the model was 0.8&. AB ezplained in reference 4$

.

chokf~ at -the.au%~eystrut lsimy~ hnyoses a Mmitatlon on the
uzi.?mm test Mach umber anddoes riotE#fect the apyl.icdbilityof :
the results. The data oltained for the Mo@el With the weko-survey
strut an ,~ace.cem thus be assumed to be correct uptm the chdcing
Mach number of thewake-survey strut and.dataup to this Mach .numher

.

have been ~es.entod. , ..-’ “.,“ 8

. . . .
Reynolds Number I@ngeI“ “

y-..

I!henthe Mach nwiber was increased.from.0.60”to.0 .96, the
.

Reynolds numlers for the unswept wing bLse& on the meem clmrdvaried b

from l.07x lo6to~.2pxlo6. The Re.mmlde nundmrs for the swept
winGs wore &eatea.ths.n thesa...mlueb~b~
chords of these wings to the mean chord

F~ON OF DATA AND

the ratjoa. of”the mean -
of~the un&wept W% (table 1).

RESULTS. .

Aerodynamic C!haracteriatics. ,... . .. .

Section,norgwil.-fcxrce,coefficient.,cfit eJldsection twisting-

DKment.coefficients about the quarter-chord lino of the unswept
wing Ct have been obtatned by tnkogratin~ the .I?ress,l.rw‘“‘“ .

d“.-

Ustribtiioh &lagrems for the ei@t ting-orificg,&tations.
—

The wing normal-force coeffi,ctenthas been obtaitidby integrating v

a.Curve”’cd.’cnt CA Vera-w tho distance “~ong the quarter--chordUmof the
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xxwept winn, anii. dividing t “cs’ -%E!. ~ the erea of the ~dng outboszd
of the fuselege. Variations of’the resulting yi~ normal-force
coefficients with angle of attack for the v~ious sweep Smg.les
are presented in figtme 4 while variations of this coefficient
with Mach number &e presented in:f-i&re 5. ““Veria,tionsof the “
elopes of the wing normsl-forceco-efficient curves, d

%/
m>

with Mach number at an sngle of attack of 2° are presente~ in
figure &

The ting ttisting-moment coefficient abo-qt the quert er-chord
line ofothe unswept wing has been obt@ned by integrating a curve
. ‘ versus distence along this line .a@ divid@g the result

;Y t;~cszea and mean aero@M@c chord of the wing.outbo~d .ofthe
fuselcge. The wing bending-moment coefficd.entabout a line
Perl?eficfi= to the quarter-chwd line of the ~ept wing at
Its intersection with the @ane of s~nmetrJ-in terms of the mean
aer~@uic chord of the wing w= celcril@ed fra.ndata obtained
~uri~ the inkegration of a curve of ctn%l versus the distsnce
along thiflline. The wing pi’cchhg+mnent coefficiem about a
latersl axis thzzou@ the intersection of the quarter-chord line ‘“
of the unswept wing and the plene of synmetry has been obtsined
WJ q. the components of the wing ttisti~ and bending-moment
coefficients.about,this as. By adding to this pitchi~-mment
coeffIcient the product of the wing nomnsl-force cwf fi~ient end
the dlstm.ce fkm this axis to the qusrter-chczziistqtion of the mesn
aerodynamic chord, the pitthing-mment coefficients about this station
has ‘beenobtained. (Thevariations of the wing pitthing-mcment
coefficient about the quez-ter chord of the mean aerodynazdc chord
of the wing tith wing norgel-force coefficie@ for vsrious Mach numbers
sre presented in figure 7. Variations of this coefficient with
Mach number for wi~ normol-force coefficients of.0,1, 0.3, end 0.5
are presented in figure 8.

The totsl-pressure and static-pressuremecumrements made during
the w-ekesurreys have been.reduced to section profile-drag coefficients
by use .o,tthe eqreesions prosente~ in reference 7, The totc1 wing
proffie.tieg coefficied has been obtained by integrating a curve of
ckc ver~us the semiepqn frcm the pl~ through the wing-fuqelege
JDturas to beyond the tip and dividing the-result by the erea
of the ting outboazzdof the fuselage. The r6suJ.tobtained indicates
the ~act W@ profIle-@ag coefficient o~ if the maeurmnts
made neer the fuselage do not include pert of the totelLprc%sure
losses for the fuselage. The rQs@ts of a prelimineqy investigation
indicate that these ~a~~nt’s i&lude only a mnell part of these
losses. It may be asswmd for ell practical purposes, therefore, that
the result obtelned does indicate the tot.elwing-drag coefficient.
The totel wing profile drag ““coefficienttor the @ng w-ith45° of
smepback was obtained from ?zeasurementsmade at the two chordwise
yositions given in table ~“. me resul.~sof measurements made
at both of these chordwise positions but at one spmrise position “
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indicate that there was very little cross flow behind the wing even
at the highest test angles. It may he assuu.ed,therefore> that the
measurement made indicates the true total Wing-y ofile-drag coef-
ficientsfor the wing with 45° of sweep.

Variations of the tingpprofil.e-drag”coefftcientwith wing normal-
force coefficient are ~esented in figure 9 while variationsof this
COOffiCiOnt with Mach n~Lh@? for wing normd-foiice cceffioients of 0.2
~a 0$5 are presented in figure 10. To in~~cate the effect of sweep
alone on the profile-drag characteristics of the wing, the variations
of wing yroffle-drag coefficient with Mach ~~bei’ for the various
sweeps and an angle of attackof 2° tie pw%ented fi figwe 3.3.

,..

The fuselago-secticmpormal-f~ce coefficient and fuselage-section
pitching-mcment coeffi~ient about the quarter-choiidstation of the
chord at the wing-fuselage @ncture in terms of this chord have %een
obtained by integrathg a“;pressure-distrilm.tiondiagram for the fuselage
orifice station. Stnce the ~ess~u”e.memwemnts~?ere made along the
central. portion of the fueel.ageonly, the noi~ and @itching-moment
coefftcient~ obtained are not for a ccmpletm fuselage section in the
presence of the wing. However, these coefficients do have significance.
The difference of the pressures on the ~~j@ia and.lower surfaces of the
fuselage with no wing producod by ch5nging the sa@e of attack’sre

—

cancentrtited’near,thenose and tail, WhiLe differences in the pressuree
On these surfaces p?oduckd by the presence of the wing are concentrated
on the central portion of the fuselage (reference 8):”-Thectifficients u

o’btainedfrom~esm.lres measured ell.ongi~e”central portion of the
fuselage: are therefcwe,’very nearly equal to the “changes in the

‘ fuselage~sedtion coefficients Producedby the prbeence of the wiqg.
The ratios of the fuselage-sectionncrmal-f@ce coeffic~ent”to the:wing

&

normel-force coefficient ere presented irJfigure 12* Veri.&tionsof the
fuselage-section pitchtng-mcment coefficient with fuselage-sectjon
normal-f’brcecoefficient are presented in figure I-3. .

The results of previous”theoretical end ex~er@ental work (refer-
ence 8) indicate that for sn”unswe@ wing at low Mach ,numlymsthe
effect of thewing on the total fuqelago coefficients qre probably
nearly thestie as the’bffectsof the wing .onthe section c?efficiefits
for the fuselage planes for which measurements wei”emadeq TO obtmn
ap~oximations of the over-sl.leffects of the wing it has ‘teenassumed
that the’”effedtsof the wing on the total fusel~e Ooefficiel?tgWe,
the same as the effects of the wing on the s~ction coefficients fqr

A.

all the ’test,conditions. The over-en no~rmel-forcecoefficient for the
wing has been determined”by”addingthe,fusel%e.normal”$or~e coefficient .
in-terms of the over-all wing area to the @r@ noi--force coefficient
in terqs of the’”s~ erea. The over-all wing area has been asstied to
be the Area of win~ outboard pf the area ofwi~ out’bowd of the fusd.age
@us the erea of a rectangular portion.of qw&g with a chord equal to
the chord of the section at f {he wing and fuselage, md
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a span equal to the diameter of the fuselage. The over-en @tching-
moment coefficient for the wing has been detemined %y adding the
pitching-moment coefficient of tho fuselage about the qusrter chord
of the meen aerodynamic chord of the over-all wing area in terms of
this chord end erea to the pitc~ing-moment coefficient outboerd the
fumhge of the ting about this seine~oint in tezms of the ssme area
and chord. Variations of the over-all pitching-mcment coefficient for
the wing with the over-all normal-force co@ficient are presented in
figure 14. Variations of the over-all pitching-moment coefficient
with Mach number for over-all normal-force coefficients of 0.1, 0.3,
and 0.5 are presented in figure 15.

Variations of the spanwise distribution of section normal-force
and section profile-ti~ coefficient %fithangle of attack for a Mach nmn-
ber of 0.600 are presented in figures 16 end 17, respectively. The
section profile-drag coefficients are based on the chord of the model
directly in front of the measurmnt stations.

Vertical.variations of the total-pressure losses for 30° sweep-
back and sweepfcuwsrd at statipns approximately 2,0 wing-fuselage-
Juncture chords behind the trailing odgo of this juncture e.nd0.l8msemi-
spens from the planes of symmetry are presented in figure 18.

Aerodynamic Loads

An analysis of the structure and the aerodynamic loadings of swept
wings indicates that the znsxhnmbending and shear loads producedby the
air forces on a swept wingwill. plgobablyoccur at the principal wing-
fuselege joint nearest the center of load. For swept-back wings this
Joint wi.1.lbenear the trailing edge while for swept-forward w-ingsit
will be near the leading edge. To shaw the magnitude of the effects of
changes in Mach nwber on the distribution of load with respect to these
#OintS onwings e~lar to those tested, the distributions of load with
respect to the critical point, the intersections of the 70- and 20- . -
percent-chord lines of the original wing with the surface of the
fuselage have been determined for the swept-back emd swept-forward win$s,
respectively. To provide abasis of comparison the distribution of load
with respect to the wing-fuselage juncture of the unswept wing have
also been determined.

The distance along the swept semispen from the section through the
critical point to the section including the center of load outboerd
the intersection in terms of the swept sanisyan has been detomnined
by inte~ating a curve of section load versus the distance along
the swept semispsm. The distence from the quarter-chwd line
of the unswept wing to the center bf load in terms of the chord of
the section through the ~ritical point of intersection has been
determinedly integrating the curves of section twisting mcmlent
versus the distance along the swept se@span. The ratios of the
loads outboard the eections through crit&l pointm to the total

--
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loads on the wings ha~e eho been determir@. The load centers and ‘w
ratios fur qngl.esof attack from @ to 10° are presented in fi@ure 19.

The effects,of clmngeE in.Mach number on the Load distributtons
for a wing loading of 200 pounds per square foot at an altitude of

v

30,000 feet ere shown in”figure 20. ,. —, .—
.

To allow the determination of the effects of changes in Mach
nwiber on the distributions of load,with reference to other yoints
on the ting, the spanwise distributions of load on the full wing
and the distribution of twisting mment outboard the sections
thrcmgh the sgmmed. critical points for various angles and Mach
numbers are presented
shqes of the.loading
fact that the sectiofi
sections (fig. 3).

Since the aspect
Reynolds number r-e

in.fi.~es ~ t*ou@ 30, tie unusual
digtributionq near t~ root are due to the
loadings in thig re@on ere not for ccmplete .

DISCUSSION

Variables

ratio, wing section, taper ratio, and
chsnged when swee~ angle was changed, the

results presented do not indicate the e~act“effeets of ~eep
slone. However, the effects of the present ch~es in these
other veriables on most of the variations of then.cteristtca
with Mach number are smell with resyect to the effects of the
corresponding swee~s (references 9, 10,and U.).

Wi~ @mml.-F@ce Characteristics

The wing with 0° sweep at @@es of attack of 0°} 2°, 4°, and
.7° wwrienced reductions in the normel-force coefficients when the
Mach number was increased beyond values ofapproxWa.teJ.y 0.79, 0.77,
0,7k,and 0.73,respectively (“fig.5). The wing tith 300 of sweep-
back at the same sngles of attack experienced smler reductions
at Mach numbere approximately 0.10 ~eator then these values.

.
This

difference is sliglhtlylbsethm the incre~ent of 0.12 obtained by
use of the factor, — -1 times the Mach numbers at which

CosA ~

roductiow in normal-force“coefficientsoccur. The wing with 30°
.

of Sweepforward at “angle s.ofatt@ck of 0°, 2°, 4°, and 70 experienced
reductions in the W% normd.-force coeffititentsat Mach,nmubers
approximately 0.10, 0.12, 0,14,snd O.1~ greater,respectivelyjthm k“

for those at which reduction occurred on the W@ with no sweep
for the same angles of attack. These differences are generally
slightly greater than the Macb~u#@ “ crelnentsobta$ned using the

.

factor described above.

..._
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There ere no major reduction in the normal-force coefficients
for the ~W8 ~th 45° of ~.~ee~back~d ~weepf~~d &t ~ @O ‘

of attack of 2° at Mach numbers up to 0.96, the highest test value
(fig. 5). For P angles of attack these confi@zrations’experience
reductions in normel-fmce caei~tclente at Mach numbers of 0.92
md 0,94, values which are approximately 0.17 and 0.19 greater
than the Mach nuuber at which the wing with no sweep experiences
a i-ediictionin this coefficient at this angle of attack. These
cklfferences ere considerably less them the calculated Mach number
increment. of approximately 0.30 for theso configurations for ~
angles of attack.

‘Theresults obtsined for the wings with *30° of sweep ‘indicate
not only that the reductions in normel-foi?:ecoefficients occur at
higher Mach nwibers on swept wings than on similar unswept wirgs
but, more importemtly, that the ~cent reciuctionsthat occur
ere genersUy less, in scme cases much less, for swe~~ wings than
for a smlsr ~vept ting (fi.g.5). Ins-ufficientdata are
avzilallo to show the exact effect of “~progressivelyincreasing the
sweep angles beyond ~0° on the ms@itude of the reductions of
normel-force coefficients but the dots obtained for the wi~ with
45° of sweep indicate that the mo=q?.tudesof these ~eductione
exe probably further reduced by ticreasi@ the sweep angle beyond
Boo ● The magnitudes of reductions for swept-folward tinge ore
considerably.less then tho~e for ewo~.~back ‘- tith ~imllar
sweep .an@s even %~hentho sweep an@.?s ere measurei to the
half chcmU line.

As wm.ildbe expected the slopes of the ti~ normal-force
curves, d~w~ti, fcm the configurations with SWecy ore considerably

lCSS then tho%lopoe of. these cuqes for the:tiodekwithout sweep
titthe subcritical Mach numbers at en anglz of attack of 2°”(fig. 6) .
These differences awe due primertly to variations of the sweep
angle but variations on the aspect ratio and to a lesser extend
variations in the section, and Reynolds nuriber(referenceIO)
produce part of the differences. The slope of normel-force-
cvrve for the model with no sweep stert~ to decrease when the Mach
number is increased beyond approx@ately 0.7’4. It &tats to
increase again, however, at a Mach nwubor of .0.82. .~tthis Mmh
nmber tho slope is ap~~ate~ 85 percent of the meximum velue obtained
at a Mach nuniberof 0.74. The slopes of these cuxves for the
~Od@~S with 30°, -30°, 45°, and -45° of swoop st=%od to decrease
at Mach numbers of 0.08, 0.16, 0.19~ and C!.20 groator,respectively,
than the WQUO at filch the EIIO~C of the curve for th~ kodel tith
no sweep stertod to decrease. The slope for the mcdol with 3C)o
sweopback c6ases to d~CrG&6e when the Mach number is incremod
beyond approximetol.y0.90. The percent reduction of the slopo for
this com~iguration i~ greater tjmn that for tho model with no eweep,
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of 0.90 being 83 percent of the slops at
w

0.82. ihe yercent reduction in dope f~ the model with 30° sweep-
forwerd ap~ars to be much less than that fou the mcdel with 30°
of sweepback. Tbe elope for this configur@i.on at the highest test w

Mach nuber, 0.96, is a-pproxhnatel.y ~ percent less than the maximum
—

at 0.90.

Wing Pitch?ng-Mcment Chamtel+istics -.

There em larflevariations of the wing pitching-mcznmt coefficients
&t given wing normal-force coe~f’icietisfor the wing with m sweel
when the Mach number is increesed from apprmimatel.y 0.7.5to the
highest test vslue, O.92!5(fig. 8), Simila chm-ges OCC~ for the
wings with sweep~ %ut they occur at a higher Mach number than do
the corresponding ch~es for the wing with no sweep. The rna$nitudeB

—.

of the ch~qes for 30° and 45.0of sweeplmck and 4.5°of sweepforwa??d
=e Cenersll.yless than the corresponding changes for tho wing with —.
no sweep, but the -tudes of the ohanges for 30°
are greater than the tori-espondingchanges for this

Wing Profile-Drag Chara@ e~isties

The wi~ profile.tisG coefficient for the wd~

of sweepf orward .-—
Villg.

—

with no sweep
at an angle of attack of ~“ starts tCIincrease rapidly wlisnthe

--

Mach numlmr is increased beyoti appm.x~ately 0.7h (t3.G,ll). A *
similar increase occurs on tke wd.~ with 30° sweepback at a
Mach nuribez*of ayproximatdy O.@ greater @n this val c. TMs

Yincrement is approximately 75 pement of the factor — - 1 ‘tiuU2S I.
Cos Ar

the Mach number &t which the drag yise Qccurs on the wi~ tith no sweep.
The rate of increase of the wi~ profilo-drag coefficient witifiMach

—

number on the wi~ with ~O” swgepback is ag~ycximately the same as
that for the wi~ with no sweep. Tkc wi~ yrofflo-dre.gcoefficient
for the wing with ~Oo swoepfolwerd starts to r?.se very gradually

.—

at a Mach number of approximately 0.75. When the Mach mmbcr is
increased beyond approximately 0.86 the rate of.iacrcase Is about the
ssmo as that for the tine with 300 of swcmpback. There is only a
slight incrGase in tho wi~ Vrofile-drsg c~efficiont for the WM
with 45°0f swoephack with 20 engl.oof atti@c when tho Mach mnbor
is increased to the highest test value.

-.
A

The wske-survey measurements inticats that the increaso in tho
profile-drag coefficio~t for the wing wi~h~O” of sweepforward at G
at Mach numl.%rof apprmimately 0+75 is duo to separation near
tho wing-fuselage juncture. It is quito probablo, thmmforc, that
sepemition also occurs on portions 07 the fusel~o at this Mech
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nabe~- and that the increase in the profile-drag coefficient for
the ovor-al.l.configuratiw. is greater than that for the wing alone.

The use of tips perpendicular to the quarter-chord line instead
of the revised tip described in the section on Apy-tw increased
slight~v the dzze.gcoefficients for the swepb-back wings at ell
angles.of att=k end Mach numbers.

Effect of Wing on Fuselage Characteristics

The changes in the fuselage section normal-fwce coefficients
produced by the wing ere approximateeUJ 75 yercent of the wing nomml-
force coefficients for the oonfigurationa with no sweep end sweepback
at engl.esof attack of 2°, 4°, 7°, and 10° end at sll Mach numbers
up to the highest test velues (fig. 12). For the wing wtth sweep-
forwsrd at these seineengles of attack end ti the lower Mach numbers,
the ratios of these coefficients are approximately 0.90. l?or45°
of sweepforwerd the Yatios do not change a~pueciabl.ywhen the “
Mach number is increased up to iJaehighest test velues; however,
for 30° of sweepforward at scme angles of attack the ratios change
radicelly when the Mach number is increased to this value. At
an angle of attack of 2° it Increases by approximately 75 Fercent..

Over-sl.lCheracteristtce for W=

Since the changes in the fuselege normal-force coefficients
produced by the wing are approximatm~ equsl to the wing normel-
force coefficients for most conditions, the over-all.normel-force
coofffcients for the wing are neer~v sae aa the wing normal-force
coefficients. In most cases the difference between the two
coefficients is less than h percent of the wing normal-force
coefficient.

The va??iationsof theovGr-all pitching-mmnent coefficients
with Mach number for verlous velues of the over-all -normsl-force”’
coefficients are approximately the some as the vezniationeof the
wing pitching-moment coefficients with l!!chnmnbor for the
smm values of the ting.normal-force coefficifints(fig. 15).

StsUing Characteristics

Since the Reynolds mmbors, airfoil Hections in flow direction,
end aspect ratios for the vsrious conflgurati~ d3.ffere~,the
results obtained at the hir~eet ties of attack at a Mach number
of 0.60 do not indicato t

.:

alone on the engle
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of attack end normal.force coefficient at which stall occurs. Since
the,Reynolds numbers for the..tests were considerably lowex.and the
Mach rmnbers considerably higher than those fcm the usual landing
condition, the results cannot be used to estimate the stdli.?’!g
cheraoterlstics for the landing conditions. It is believed, however,
that the results do indicate for scm@ msnewvering conditions the
locatims of initisl flow sepsxation due to increasing the angle
of attack to relatively high values. At a Mach nvm”er of O ● @
this initial separatton occurred first on the fn~oard sections of
the tings with no sweep and sweepfcrward and on the oqtbowd
sections of the wimgs with sweepbaok (figs. 16 md 17)s

v

u

—.—

—

—

.

. Load.Distribution@

The center,of load on the wi~ ti.thnQ”,.sweep for a ting
loadlng of 200 pounds per.square foot em a?3altitude of 30,000 feet
shifts inbosrd verycU@ltly end reerward l%Ja consi~able emo~t
%-henthe Mach number is increased from a@ox*teM O● 75 ~0 the
highest test’value (fig.,20). The center of load on the wing wfth
300.of sweeyback for the”same conditions does not shift slong the
swept-b@ck semfsyan.but shifts resrward tith referense to tMs line
appro@nate~ the ssme distances as the center of load “onthe wing

-.

with no sweep shifts chordwiBe. The center of load on the wiw
with 45° of sweep?xickshii%:{ dQjkMy outboad &long tho ~~J~~-bh

semispan end rearwerd tith reference to this line for the pm’titular ‘“
over-s2.1losiUw selected. The centers of load on tho wings with P.–
sweepforward shift slightly inboard elong t~I swept-fo~ar~ semiW?m
but do not shift by a.si&rAilcant amovmt with reference” to this line.

.

CO1’KLUIXEGREMAEKS ,,.. .,

The results of tests of wings with no sweep and 300 end 45°
of sweopback and swoepforwerd in oon$umtim tith a typical fusel%e
at Mach numbers up to 0.96 indicated the followinG:

1. The wingswith ~30°,afsweep .experibnced the .swere changes
in characteristicsas.eociated,~flththe presence.of shook at higher
Mach nui?ibersthen did the wing without sweep. The differences
between tho Maoh numbers at which the changes occurred for the
wings with t30°asweep end no sweep wero Getirelly slightly less than

&
the factm- ~ 1 times the Mq.chnumbars at which the changes

Cos!l,r
.-

occurred”for the unswept wing, L ~, %Qing the,weep engleo
. .

—

—
.
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2. The wings with ~k5° of s~ep did not experience the changes
in the characteristics asscmiated with the presence of shock at
en angle of attack of 2° at Mach numbers up to the highest test
values. ..”

.
3. The ma@tudes of changes in the normsl-force coefficients

that occur were less for the wing with $30° of sweep than for the
unswept ti.gg..

k;’ The”tise of sweeyf’orward w~auperior to sweepb”&k in delaying
end reducing the chengeG in the normal-force c-o”ef’ficien~sbut was
Weriorti”de laying snd.redudng. the ch~es in-the ~o?ile-~ag
coefficients.

5. Increasing the Mach number to the highest test values had
little effect on the p@itions”of the center of loe@s,cm the verious
co.nfigyrations,for &probable design load conditions.

Lemfley Memorial Aeronautical Laboratcn-y
Natlone3 Advisory Comuittee f,orAero,pautics ,.

Ian.@.eyl?ield,Va.

.
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G~IER.KT..LtCMENSIONS

Symbol Description . IZbnen6i.ms

. 1
:L.1 Sweep of 25-percent-chor~

linG of ori~in.al.wflk~,
de~~s o 30.0 45.0 -30.0 -~>.Q

.i..c Sweep of leading e~es of
actual wings, Cegreee 2.7 32.7 47.7 -27.3 -i2.3

.“
c/2

~%eap of 50-percent-chord
line of aMllal wtngs>
degrees -2.7 27.6 42.8 -33.0 -48.2

b span, inches 37.8 34.2 Ea.2 33.8 27.1$

d Span Slow n-perct.nt-
chor~ line of ori@nsL
wiIl& ?)/2 COB.3a I
inches 18.9 19*’T 19.9 19*5J 19.4

+ Root chord, inches 6.OC 6.64 7.97 7.23 9*W

Cg Tip chord, inches 42. 0 2.73 ~,o~ 2.66 3~33

Cf Chor& at intersection of
ti.~ and fuselage,
inches 5.64 6.20 7.27 6.73 8.20

Ee Hean chord of ~ etien-
1 iiedthrov,ighfuselage,

inches 4.20 4.59 5.52 4.95 6.18

KJ Mean chord of wihg out-
hoard of fusel~w,
inches 4.02 +.26 5.17 4.80 5.76

se Awes of wi~ exhendod
throu@ fuselage>
inchas2 158.6 157.0 155.6 167.4 169.2

%? Area of wtng outboard
of fuselsge, inches2 137.4 1~~.0 127.0 141.2 137.0

Sa Aroa of wing assting
wing strafght t-brou@
fuselage, inches2 158.6 156.2 1.54.4 166.4 167.8

Ae Aspect ratio assuming
wi~ extended through
fU6el~0, @/Se 9.0 7.4 2.1 6.8 4.k

& Aspect ratio of wing “
outboard fuselage,
(b - 2r)2/S

& ‘j’.o 4.7 6.3 4.1.. ,...”——...
W:-2 NATIONLL LDVISURY. ~

tic ‘m ‘“”’m’m
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Synlbol

TAKE 1.- Ccmcludfid

CHZNFIULYXEMENSIONS’- Concluded

Description”
—.

P&syectratio assuming W@
straight through i’uselage,
b2/sa

Taper ratio of wing outboard
of fusel-age,cf/cg

Ta~er ratio assuming ving
extended through fuselmej
Cr/C~

i&?Sn aerOdJTISRYiCchord Of
wing outboard of fumlage,
inches

Mean aero~mic chord of
over-cdl configuration
assuming wing rect~lar
through fuselage, inches

Inches

Inches

Inches

Inches

Distance from nose of fuse-
lage %0 intersection of
quarter-chord line of
original wing end plane of
s,ymmetryjinches

Ratio of Zcfr to ~

Chord at critical section,
inches

1

‘osition of critical chord
with respect to intersec-
tion of c/4 line of origin-
al wing (percent *ldlt)

atio of thickness to chord
for sections parallel to
airstream

osition of maximum thick-
ness, percent chard

9.0

2.33

2.50

IL.24

4.43

0

0

0

0

~4● lo

.15

5.64

1.o.o

10.0

42

Dimensions

7.5 5.2 6.9

2.45 2 ●37 2.33

?.63 2960 2*72

&.62 5*45 4 ●99

1}.86 5.77 5.25
/

.94 1.65’-1.22

4.74 6.93 -4 ● 67

4.19 6.00 -beog

-.14 -.28 .15

i.3.20I,2.1O14.75

.M3 .22 .18

5.41 5.19 5.45

16 22.4 15.5

9.0 7.5 8.2

%3 )$3 41

4.5

2,46

2.70

6,10

6.48

“2.20

-6.67

.5.68

● 35

.5, ~o

,22

2,24

?1.1

6*6

Q

NATIONAL ADVISORY
COMMITTE3 FOR AERONAUTICS

—

v

.

.

.
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TABLE II

~ocations of m’essure orifice stations with reference to the
interGecti~n of the 25 percent chord line of the or~ginal wing
end the center line (pei-centof swept-back semispan]

Sweep angle,.llr
.—

co

11.o
20.0
y),c)
43.0
56.0

E::
!25.0

30°

12.7
21.~
3Q.9
43.4
!55.8
63.3
78.8
93.2

45°

14.4
2.2.9
32.4
44.7
57.0
64.”[
79.8
94.0

-~oo I -45°

7.6
U5.3
26.0
3E.6
!51.1
%*9
‘W. 4
88.9

5.2
14.0

56.9
72.5
87.1

NATIONAL AIKLSORY
COMMITTEE FCIRAERONAUI!ICS



8.4 0.127
8.4 .180..
8.4 .25(J’
8.4 .500”
8.k .75,0-
8.4 .930”

(R}
16.8
16.8
16.8
16.8
16.S
16.8

0.175
.292
,490
,725
.910

1.000

17.1
17.1
17.1
1’7.1
25.1
25.1
25.1

——

0.180
.ylo
.500
● 7%
.930
.180

l.oao I I I

T

.

—

—
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?resfmre measummerxks

—
1 CL

0.630
.750
.800
.850
.890
●95

-2,0,2,4,7)10
-5’,0,2,4,7,10
-’2,0,2,4,7Y10
0>2,4,7
o,2, &,7
0,2,4,7

0.84)0
.800
.850
.890

-2,o,2,4,7,1O
-2,O,E,4,7>1O
-2>Oj2)k,7

0,2,4,7
0,2,4,7
0>2,4,7

--i. = 470

-:,2,7,10,13
-Z?,2>7,1O
-2,’>,7,10
-,:+,7,10-,:

_: ,2,7,10

Wake survey meastremsnts I

-+%-i

0.600
.700
.750
.80Q
;;$

0,2,4,7
-2,0,2jh,7
-2,0,2,4,7
-~):,::jj7

(j:;,)+

h.. = @~-
I

M
G
Lefi,

0.600 0,2, ?,8
● 750 -2,c!,2,;,8
.800 +,0,2,5,8
.850 -2,0,2,5
.890 0,2,5

i: .- = 470 ‘
L

CL
M *q

0.600 0,3,6,9
.&m -2,0,3,6
.850 -2,0,3,6
●go 0,3,6

Nfi”IONALAD?ISORY
COliMITTEEFOR KERON#.UTICS
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h,
“- r =

-yy

M (&:&)

0.600 -2jOj2jkj7>10
.800

{
-2,0,2,4,7,10

.8Xl -2,0,2> 4,7

.890 0,2,4,7

.925 0,2,4,7

.960 0,2,4,7
I

.—
‘M

0.600
.800
.890
*925
.960

EACA RM No. LtiOla

A.- = -~o”
J.

- ——

(d:&).—
L,2,7,1O,13----

-:, ~, 7,10
-L;,2,7,10
-:2,2,7,10
-2,2,7,10

.

0.600
● 7X

:@
.890

0,2,-5,8
-2,0,2,5,8
-2,0,2,5’, /3
“:,0,2,5

0,2,5

.-

.-

NATION.ALAUVILORY
ccl4MITIXEFOR AERONAUTICS .

.
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Figure I.- Unswe”pt wing without fuselage on plate.
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Figure 2.- Close-up of unswept wing showing wake-survey rake.
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Anqie of attack,E
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NACA RM No. L6J01a Fig. 4d

Angki of CnYuck, a
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